Introduction
============

Bacterial meningitis is a bacterial infection of the brain as well as the arachnoid and pia mater surrounding the spinal cord. Its main characteristics are a sudden onset, headache, and fever; it is indicated by the proliferation of cells in the cerebrospinal fluid with polymorphonuclear cell predominance. Because early treatment has a major impact on the patient\'s outcome, it is considered a neurological emergency.

Extended-spectrum beta-lactamase (ESBL) is an enzyme that breaks down most beta-lactamase antibiotics, including penicillin, cephem, and monobactam. Infection-causing ESBL-producing bacteria are associated with a poor patient outcome ([@B1]). Although ESBL-producing bacteria were previously considered responsible for mainly nosocomial infections, in recent years, community-acquired infections have also been reported, and this has led to concern that the frequency of such cases may increase in the future.

In this study, we report a case of an elderly man with community-acquired bacterial meningitis induced by the direct infiltration of otitis media with cholesteatoma caused by ESBL-producing *Escherichia coli*.

Case Report
===========

The patient was a 78-year-old man with chief complaints of a fever and disordered consciousness. He had a medical history of atrial fibrillation and otitis media and no significant family history. He had been smoking 5-6 cigarettes/day for over 50 years, occasionally consumed alcoholic beverages, and was able to live independently.

One month prior to hospital admission, the patient noticed subjective symptoms of unsteadiness when standing and moving. After noticing difficulty in hearing from the right ear, the patient was diagnosed with right otitis media with cholesteatoma (7 days before admission) at the Department of Otorhinology of our hospital and scheduled for surgery at the Department of Otorhinology at another hospital. Antibiotic ear drops were prescribed, but not antibiotic internal medications. At approximately 1 AM on the day of hospitalization, he developed a fever of 39℃ and suffered urinary incontinence. Consequently, he was transported to the emergency department of our hospital because of a reduced responsiveness to questions. He had not complained of any symptoms of headache or earache.

The general characteristics of the patient noted at the time of admission were as follows: height, 165 cm; weight, 56 kg; blood pressure, 145/65 mmHg; heart rate, 111 bpm and irregular; and temperature, 37.5℃. Although the general findings included no thoracoabdominal abnormalities, discharge from the right ear was observed as well as a mass with scabbing on the upper posterior of the right external auditory canal. The neurological findings were a Glasgow Coma Scale (GCS) of E2V3M3, dull responses, and urinary incontinence. No neurological abnormalities were observed in the reflexes or sensory system. However, the cranial nervous system was difficult to evaluate in detail due to the patient\'s disturbance of consciousness. The meningeal irritation sign of stiff neck and Kernig\'s sign were also observed.

Blood tests indicated a white blood cell count of 11,930/μL, C-reactive protein level of 5.00 mg/dL, and creatinine level of 1.13 mg/dL as well as a slightly elevated inflammatory response and renal dysfunction. A cerebrospinal fluid examination indicated an opening pressure of 250 mmH~2~O, cell count of 656/μL (polymorphonuclear leukocytes, 64%), protein at 302 mg/dL, and cerebrospinal fluid glucose at 45 mg/dL (blood glucose, 145 mg/dL).

Electrocardiography indicated atrial fibrillation. Chest radiography findings were normal. Plain computed tomography (CT) of the chest, abdomen, and pelvis indicated no abnormal findings indicating the source of the fever.

Although CT of the head showed no notable abnormalities, the right mastoid cells had poor pneumatization, and there was a shadow in the soft tissue from the right epitympanum to the middle ear ([Fig. 1](#g001){ref-type="fig"}). Magnetic resonance imaging of the head indicated slight cerebral atrophy, but there were no clear intracranial structural disorders.

![Head CT performed on admission shows poor pneumatization of the right mastoid cells and a shadow in the soft tissue from the right epitympanum to the middle ear.](1349-7235-57-3199-g001){#g001}

Owing to the presence of stiff neck and the cerebrospinal fluid findings, such as protein of 302 mg/dL, cerebrospinal fluid glucose of 45 mg/dL (blood glucose, 145 mg/dL), cell count of 656/μL (neutrophils, 64%), and proliferation of cells with polymorphonuclear cell dominance, we concluded that there was a high probability of bacterial meningitis. This patient was above the age of 50 and was not a compromised host, with no recent history of brain surgery.

In accordance with the 2014 Japanese Guidelines for the Clinical Management of Bacterial Meningitis, we started the patient on initial treatment with a regimen of ceftriaxone sodium hydrate (CTRX) at 4 g/day while monitoring the renal function, ampicillin hydrate (ABPC) at 8 g/day, vancomycin hydrochloride (VCM) at 1.5 g/day, and dexamethasone sodium phosphate at 39.6 mg/day. In addition, irrigation of the ear was also simultaneously performed over several days by the Department of Otorhinology.

His fever subsided on day 2 of hospitalization and his consciousness also improved. However, on the same day, the results of ear discharge culture performed seven days prior to hospitalization indicated*Pseudomonas aeruginosa*; the patient\'s medication was therefore switched from CTRX to ceftazidime hydrate (CAZ) at 6 g/day. Dexamethasone sodium phosphate was discontinued after four days. On day 4 of hospitalization, ESBL-producing*E. coli* was identified in the ear discharge culture performed seven days prior to hospitalization as well as in all of the cultures performed at hospitalization for cerebrospinal fluid, ear discharge, external ear canal granulation, and stool, so the antibiotics were again switched to meropenem hydrate (MEPM) at 6 g/day and amikacin sulfate (AMK) at 800 mg/day. *P. aeruginosa* was not identified from the cerebrospinal fluid but was identified in the ear discharge culture performed at hospitalization and seven days prior to it.

Given that the blood culture performed prior to the antibiotic administration had been negative, we suspected that ESBL-producing *E. coli* had entered the ear from the stool, and the subsequent otitis media caused meningitis via direct infiltration. As the signs of ear infection began to subside on day 10 of hospitalization, ear irrigation was switched to once a week. The AMK dose was adjusted based on the renal function and blood drug concentration and was administered with MEPM until day 34 of hospitalization. Over the course of hospitalization, the patient\'s fever, disordered consciousness, and clinical symptoms improved. The final cerebrospinal fluid cell count was 6/μL, and as there were no notable sequelae, the patient was discharged on day 35 of hospitalization. After discharge, he was admitted to the Department of Otorhinology at another hospital for the previously scheduled surgery ([Fig. 2](#g002){ref-type="fig"}).

![The patient's clinical course.](1349-7235-57-3199-g002){#g002}

To identify the infection route, the patient\'s cerebrospinal fluid, ear discharge, external ear canal granulation, and stool samples were assessed using pulsed-field gel electrophoresis. The results indicated that all four samples had a type A pulsed-field gel electrophoresis pattern, indicating that all four samples were from the same molecular epidemiological source ([Fig. 3](#g003){ref-type="fig"}).

![Pulsed-field gel electrophoresis (PFGE). 1: Cerebrospinal fluid, 2: Ear discharge, 3: External ear canal granulation, 4: Stool. All four specimens had the same type A PFGE pattern.](1349-7235-57-3199-g003){#g003}

Discussion
==========

In 1983, Knothe et al. reported that the Friedländer bacillus and other bacteria were resistant to cefotaxime (CTX) and other third-generation cephem antibiotics ([@B2]). This was the first report on ESBL-producing bacteria. ESBL is a generic name for a group of beta-lactamases with wide substrate specificity that arises from a spontaneous mutation in the class A beta-lactamase-producing gene; these beta-lactamases have the ability to hydrolyze CTX, ceftazidime, aztreonam, and other cephem antibiotics as well as monobactam antibiotics ([@B3]). Beta-lactamase genotypes include TEM, SHV, CMY, GES, OXA, and CTM-M, which are further categorized into a large number of subtypes. Because ESBL genes are located on plasmids, they may be horizontally transmitted to other Gram-negative bacilli strains aside from *E. coli*. In addition, because they are liable to become resistant to multiple drugs, they represent a major risk factor for infection ([@B4]). ESBL-producing bacteria seem to be the cause of multiple drug-resistant infections that can prolong hospitalization and increase the cost of treatment ([@B1]). In Europe, ESBL-producing bacteria are frequently detected, often in patients in the intensive-care unit (ICU), indicating that they are serious causal agents of nosocomial infections.

The risk factors for ESBL-producing bacteria include intubation and artificial respiration, a period of admission in the ICU, all types of catheter usage, frequent antibiotic usage, and a severe illness. However, in recent years, some studies have reported that ESBL-producing bacteria have also been identified among community-acquired infection-causing bacteria ([@B3],[@B5]-[@B10]).

To our knowledge, there have been only 17 reported cases of meningitis caused by ESBL-producing bacteria, particularly ESBL-producing *E. coli* ([Table](#t001){ref-type="table"}) ([@B7]-[@B22]). Although 10 cases were reported in children ([@B11],[@B12],[@B14]-[@B20]), only 7 have been reported in adults ([@B7]-[@B10],[@B13],[@B21],[@B22]), among which 4 were community-acquired cases, as in the present case ([@B7]-[@B10]). Genetic testing of ESBL was also conducted in eight cases ([@B9]-[@B12],[@B14],[@B15],[@B19]).

###### 

Previous Reports of Meningitis Caused by Extended-spectrum Beta-lactamase (ESBL)-producing *Escherichia Coli*.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case\             Year      Country       Age        Infectious pattern      Background                                                                                                                              ESBL-type           Antibiotic treatment                                 Outcome
  (Ref.no.)                                                                                                                                                                                                                                                                                     
  -------------- -- ------ -- ---------- -- ------- -- -------------------- -- ------------------------------------------------------------------------------------------------------------------------------------ -- ---------------- -- ------------------------------------------------- -- ---------------------------------------
  \(11\)            2006      Algeria       Child      Nosocomial              No information                                                                                                                          CTX-M-15            No information                                       Cured

  \(11\)            2006      Algeria       Child      Community               No information                                                                                                                          CTX-M-15            No information                                       Cured

  \(12\)            2008      France        Child      Nosocomial              Very low birth weight infant                                                                                                            CTX-M-15            Ceftazidime, vancomycin, netilmicin                  Died

  \(13\)            2008      Japan         Adult      Nosocomial              Immunocompromised                                                                                                                       Not determined      Meropenem                                            Cured

  \(14\)            2010      France        Child      Nosocomial              Very low birth weight infant                                                                                                            TEM-52              Imipenem, gentamicin, ciprofloxacin                  Cured

  \(15\)            2010      Brazil        Child      Undescribed             No information                                                                                                                          CTX-M-2             No information                                       Died

  \(16\)            2011      Thailand      Child      Nosocomial              Infected cephal hematoma                                                                                                                Not determined      Meropenem                                            Cured

  \(7\)             2011      Japan         Adult      Community               Diabetes mellitus                                                                                                                       Not determined      Meropenem, cefotaxime, gentamicin, levofloxacin      Cured

  \(8\)             2012      France        Adult      Community               Alcoholism, aortic mycotic aneurisms                                                                                                    Not determined      Meropenem, ciprofloxacin                             Meningitis cured, died during surgery

  \(9\)             2012      Turkey        Adult      Community               Chronic otitis media, cranialsurgery, cerebrospinal fluid fistula                                                                       CTX-M-15            Meropenem, amikacin                                  Cured

  \(17\)            2012      Thailand      Child      Community               Multiple anomalies of ophthalmic dermoid tumor, cleft lip, cleftpalate, polydactyly, bifid vertebra, and right ear pinna anomalies      Not determined      Meropenem                                            Cured

  \(18\)            2012      Japan         Child      Nosocomial              Low birth weight infant                                                                                                                 Not determined      Meropenem                                            Cured

  \(19\)            2013      Japan         Child      Nosocomial              Normal                                                                                                                                  CTX-M-1, TEM        Meropenem                                            Cured

  \(20\)            2014      Japan         Child      Nosocomial              Low birth weight infant                                                                                                                 Not determined      Carbapenem series                                    Cured

  \(21\)            2015      Canada        Adult      Nosocomial              Ventriculitis after aneurysm clipping                                                                                                   Not determined      Meropenem, gentamicin                                Cured

  \(22\)            2016      Japan         Adult      Nosocomial              Immunocompromised                                                                                                                       Not determined      No information                                       Cured

  \(10\)            2016      Japan         Adult      Community               After myocardial infarction                                                                                                             CTX-M-9, TEM        Meropenem                                            Cured

  Present case      2016      Japan         Adult      Community               Serous otitis media                                                                                                                     Not determined      Meropenem, amikacin                                  Cured
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The detection rate of ESBL-producing bacteria varies by region and institution. A multinational survey reported that 34.5% of Gram-negative bacilli were ESBL-producing bacteria ([@B23]). The major risk factors for community-acquired *E. coli* meningitis are alcoholism, cirrhosis of the liver, malignant tumor, diabetes, and the use of immunosuppressants. Nosocomial *E. coli* meningitis often occurs in patients following brain surgery and is resistant to multiple drugs in many cases ([@B8]). Rodríguez-Baño et al. reported that the risk factors for community-acquired infection due to ESBL-producing bacteria are diabetes, advanced age (≥60 years), female gender, repeated urinary tract infection, a history of invasive procedures performed in the urinary tract, outpatient care, and the use of antibiotics, such as aminopenicillin, cephalosporin, and fluoroquinolone ([@B24]). Yumuk et al. reported that independent risk factors for community-acquired ESBL-producing *E. coli* (particularly CTM-M type) were fluoroquinolone use, advanced age, and a severe underlying illness ([@B25]). However, the only risk factors applicable to the present case were advanced age and outpatient care. Although the present case suffered from atrial fibrillation, he was a healthy elderly individual otherwise. Several case studies of ESBL-producing *E. coli* meningitis have been reported in children, particularly low-birth-weight children ([@B12],[@B14],[@B18],[@B20]). However, adults require the presence of certain background circumstances, such as being a compromised patient undergoing immunosuppressant therapy ([@B13],[@B22]), alcoholism ([@B8]), diabetes ([@B8]), a history of brain surgery ([@B21]), or a history of middle ear surgery ([@B9]). Therefore, patients, such as the present case, who have few underlying illnesses and who contract community-acquired ESBL-producing *E. coli* meningitis are extremely rare.

Many recent studies have reported an increase in community-based carriers of ESBL-producing bacteria ([@B26]). Although the cause of this upsurge is unknown, it has been suggested that healthy individuals\' intestines carry bacteria transmitted via food ([@B27]). These community-based carriers may bring ESBL-producing bacteria into medical facilities, which then cause hospital transmission and an increase in ESBL-producing bacteria. ESBL-producing *E. coli* carriers account for approximately 10% of all carriers ([@B26]-[@B29]). In particular, ESBL-producing *E. coli* is often detected in the stool of individuals ≥60 years of age ([@B27]). Therefore, in cases such as the present one wherein a patient with community-acquired meningitis had few underlying illnesses and was elderly, the possible involvement of ESBL-producing bacteria should be considered during examinations.

Bacteria usually reach the intraspinal region through one of the following routes: one in which the invasion of bacteremia takes place by the choroid plexus, or one in which the invasion occurs when bacteria cross the blood-brain barrier in other sites. It is important to consider the influence of neighboring organs when attempting to identify the origin of meningitis. Reportedly, 25% of patients with meningitis have a middle ear infection or paranasal sinusitis at the onset of meningitis ([@B30]). In the present case, although the bacteria was not identified using the blood culture, both cerebrospinal fluid and ear discharge cultures indicated ESBL-producing *E. coli*, and the pulsed-field gel electrophoresis patterns also indicated that all specimens had the same molecular epidemiological origin. We therefore inferred that the infection route of ESBL-producing *E. coli* was from the stool to the ear and then from a middle ear infection to meningitis via direct infiltration.

Based on experience, in cases of suspected bacterial meningitis, it is necessary to begin antibiotic administration at the point at which the disease is suspected without waiting for the results of bacteria culture procedures. In such cases, the initial antibiotic selection is made on the basis of the results of Gram staining and the patient\'s history of surgery and immunocompetence. van de Beek et al. ([@B30]) reported that the recommended initial antibiotics to be used in cases of community-acquired bacterial meningitis were the combined administration of vancomycin and third-generation cephem antibiotics in patients 16-50 years of age, with the additional use of ampicillin in patients \>50 years of age. The treatment guidelines for bacterial meningitis released by the Infectious Diseases Society of America recommend the use of third-generation cephem antibiotics in cases suspected of infection with *E. coli* ([@B31]). The antibiotic selection criteria for community-acquired bacterial meningitis listed by this guideline indicate that antibiotics are ineffective in cases such as the present case in which ESBL-producing *E. coli* is present. However, based on the accumulation of reports on bacterial meningitis caused by ESBL-producing*E. coli* in Japan, the 2014 guideline states that carbapenem series are recommended when ESBL-producing bacteria are assumed to be involved.

In conclusion, meningitis caused by Gram-negative bacteria is often associated with poor patient outcomes, so the selection of antibiotics to be used in the initial treatment is an important factor that determines the patient\'s prognosis ([@B3],[@B24],[@B32]-[@B34]). In cases of community-acquired meningitis in adults and in patients with underlying factors, such as diabetes and exposure to resistant bacteria, the potential infection of ESBL-producing bacteria should be considered, particularly in cases of elderly patients with few underlying factors. In such cases, we believe that it is necessary to consider the use of carbapenem antibiotics as an initial therapy.
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